BIOCHEMICAL SOCIETY TRANSACTIONS to the P-axis and exposed to solvent in the dimer, while 248 is on a helix at the Q-axis and will become exposed to solvent as the Q-axis dimer forms monomers. All measurements are of solutions at equilibrium attained after at least 2 h incubation in the guanidinium HCl. The figure reports the intensity of the fluorescence of both tryptophans decreases at 0.3 M-guanidinium HCI and in the same range the enzyme activity, measured in cuvettes containing guanidinium HCI, NADH and pyruvate is lost. The fluorescence lifetimes and the fluorescence anisotropies were also measured in one experiment with the single photon counting instrument described by Birch et al. (1987). One emission photomultiplier measured total fluorescence at the polarization magic angle of 55 deg., while the other measured fluorescence in 30 s intervals when a motor-driven prism was either vertically or horizontally orientated to the vertically polarized excitation beam. The correlation time (7,) of the long lifetime (7.5 ns) tryptophan-203 in buffer (39 ns) is characteristic of the known dimer state, while in 1 Mguanidinium HCI (22 ns) it is typical of a globular monomer. We conclude the globular dimer is active and the monomer so prepared is enzymically inactive.
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Tryptophan-203 fluorescence only senses one further change in environment which is half-complete at 1.8 Mguanidinium HCI. At higher concentrations its anisotropy correlation time plateaus at 4 ns with, to judge by the zero limiting anisotropy (rx.), no local restriction to motion. Tryptophan-248 on the other hand, senses two further phase changes at 1.2 M and 2.8 M-guanidinium HC1, and only at the second phase (2.8 M) does the limiting, long time anisotropy decrease to zero. Between these concentrations the residue is carried by a structure which allows rapid (3 ns), but limited amplitude (r, = 0.054), motion. Whatever the nature of these structures, these measurements identify four reversible and stable intermediates during the folding of the polypeptide chain of this enzyme. In buffer, tryptophan-248 is on a helix, while 203 is carried on an extended chain. The explanation that the helix retains its folded structure at higher guanidinium HCl concentrations (2.8 M) than the chain (1.8 M) can be tested with other specific tryptophan reporters engineered at neighbouring sites on the helix 3G.
Birch, D. J. S., Holmes, A. S., Giichrist, J. R., Imhof Foreign proteins, when synthesized in Escherichia coli, are often highly unstable. If expression is increased by various means the foreign product frequently forms insoluble inclusion bodies apparently resistant to proteolysis. We have attempted to investigate these phenomena with the use of cloned human and bacterial proteins. Urogastrone (Uro, Epidermal Growth Factor) a 53 amino acid peptide was synthesized in E. coli on high copy number plasmids under control of the trp promoter (Emtage et al., 1980) . Three fusion derivatives were also studied: TrpE-uro (Uro with a 13 amino acid N-terminus), Uro-arg, and TrpE-uro-arg,. Threse proteins showed a variation in intracellular stability of a few minutes to several hours ( Table 1) .
Cells synthesizing foreign protein were pulse-labelled for 5 min with [35S]methionine or [35S]cysteine. Synthesis was then turned off by the addition of tryptophan (50pgml-') and whole-cell samples were taken for analysis by SDS-PAGE. Samples were also taken for sonication and partition into 'soluble' and 'insoluble' fractions; 'insoluble' being a l0000g pellet and 'soluble', the supernatant. Breakdown was measured by autoradiography of the pulse-labelled proteins in SDS-polyacrylamide gels. Native urogastrone, the least stable protein of the four, was broken down very rapidly immediately following formation and only ever appeared in the soluble fraction of the cell. TrpE-uro and Abbreviations used: Uro, urogastrone; SDS-PAGE, SDS-polyacrylamide gel electrophoresis.
Uro-arg, were mostly soluble, but a small percentage appeared in the insoluble fraction 3-5 h post-induction. Inclusion bodies in cells expressing Uro-arg, were visible during this time also. TrpE-uro-arg, in contrast was almost totally insoluble. It was also the most stable protein and formed two to three large inclusion bodies per cell. A small percentage of the newly synthesized protein was soluble initially (l0-150/,), but this was either degraded or subsequently became part of the insoluble fraction. N o detectable degradation of TrpE-uro-arg, was noted at high titres. However, because of the extremely high copy number of the plasmids used, trp repressor protein concentration becomes limiting and some continued synthesis of foreign protein occurs even in the presence of trp. This could obscure breakdown measurements of pulse-labelled TrpE-uro-arg,.
Expression of urogastrone and TrpE-uro in a lon-host considerably stabilized these proteins and also appeared to increase the proportion found in the insoluble fraction of the cell. The insoluble urogastrone was degradable, however, unlike the aggregated TrpE-uro-arg, . As expected the lon-host showed no difference in ability to degrade TrpEuro-arg, over wild-type.
Clearly modification of both N-and C-termini effect stabilization of urogastrone. We are uncertain if stabilization is a result of the specific sequences attached or is a more general protecting effect. 623rd MEETING, CANTERBURY A bacterial protein, chloramphenicol acetyl transferase (CAT), expressed from a similar plasmid which accumulated intracellularly to 25% of total cell protein, remained soluble and stable. Thus titre level alone is not the major determinant of the intracellular behaviour of cloned gene products; specific protein chemistry must be an important factor. TrpE-uro-arg, is capable of inducing some of the heat-shock proteins, whereas the other proteins are not (Snow & Hipkiss, 1987) . The possible relationship between expression level, stability and the heat-shock phenomenon will be explored. In the rabbit reticulocyte and Escherichia coli, production of aberrant proteins in quantities which exceed the ability of the cellular proteolytic apparatus to degrade them results in the formation of high molecular mass multimeric aggregates (Kemshead & Hipkiss, 1974; Hipkiss, 1979; Daniels et al., 1980) . In E. coli maximal catabolism of aggregates requires de novo biosynthesis (Hipkiss, 1979; George et al., 1980) of heat-shock (Carr et al., 1985) , and other proteins (Carr et al., 1987) . In the rabbit reticulocyte, the ability to degrade aberrant protein aggregates decreases with cellular maturation (McKay et al., 1980) and, depending on the nature of the aberrant polypeptide (McKay & Hipkiss, 1982) , with diminishing ATP synthesis (Daniels et al., 1983) . Despite the identification of the ubiquitinization step in the catabolism of some aberrant polypeptides in reticulocytes and other cells (Hershko & Ciechanover, 1982) , the nature of the aggregation/disagrregation mechanism, and the proteolytic processes associated with the removal of high molecular mass complexes, remain unclear. In many cases the problem has been exacerbated by the failure to isolate and characAbbreviations used: HMM, high molecular mass; UPP, unaggregated puromycyl peptides.
terize degradative intermediates. For example, it is uncertain if aggregate catabolism proceeds via direct proteolytic attack, or whether there is a separate disaggregation step (to produce monomers) which precedes polypeptide chain cleavage. In the experiments outlined here we have used a double-isotope technique to study aggregation and disaggregation of globin fragments (puromycyl peptides) in reticulocyte cell-free extracts and have attempted to trap monomeric fragments, should they be released from the aggregated form, by the addition of excess monomeric fragments.
Rabbit reticulocytes were labelled with either ["C]-or [3H]leucine in the presence of puromycin (5 pg/ml) as previously described (McKay & Hipkiss, 1982) . The 100 OOOg supernatant fraction (McKay & Hipkiss, 1982) was applied to a Sephadex GI00 column (185 x 1.5cm diameter), using 0.1 M-ammOnium bicarbonate as eluent at 4OC and 3 ml fractions collected. The void volume (fractions 55-70) which contained the aggregated puromycyl peptides (Daniels et al., 1980) , and the material in fractions 90-130 (which eluted immediately after the haemoglobin peak) which contained the unaggregated puromycyl peptides, were collected and concentrated by lyophilization. The I4C-labelled high molecular mass (HMM) material and 'Hlabelled unaggregated puromycyl peptides (UPP) were then used in 'mixing' experiments as outlined in Table 1 . At the start of each experiment, and at intervals, samples were 
